REMARKS 

This AMENDMENT UNDER 37 CFR 1.1 1 1 is filed in reply to the outstanding 
Office Action of March 24, 2000, and is believed to be ftilly responsive thereto for reasons set 
forth below in greater detail. 

Initially, a review of the specification has indicated that the specification appears 
to have suffered from a translation from Japanese into English, and contains a large number of 
grammatical and other errors. In view thereof, a substitute specification is submitted herewith 
pursuant to 37 CFR 1.125(b), along with a marked up version of the substitute specification. 

The undersigned attorney states that the substitute specification includes no new 

matter. 

Moreover, a proposed correction to Figure 4 is attached hereto to conform Figure 
4 to the detailed written description. 

Responsive to paragraphs 1-4 of the Official Action, the terminology throughout 
the specification is now conformed to the following: 

(1) an amount of power generation, which is the power generated by a power 
generator; 

(2) an amount of power storage, which is the power flowing into the power 
storage; 

(3) an amount of remaining power capacity, which is the amount of power 
remaining stored in the power storage. 

In the present invention, the term "power storage amounf ' means, as shown by 
amended Fig. 4, the amount of power that flowed into a power storage means 2 from a power 
generation means 1 , and it is detected by a power storage amount detecting means 3 1 . 
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Therefore, the power storage amount detecting means 3 1 may have a function 
similar to a current detecting means such as an ammeter or the hke. 

Accordingly, the power storage amount is completely different firom the "amount 
of remaining capacity."^ 

In the several embodiments of the present invention, (1) an amount of power 
generation of a power generation means, (2) an amount of power storage which is the power 
flowed into a power storage means, and (3) an amount of remaining capacity of the power 
storage means, are used for controlling the operation of a rechargeable electronic watch, 
singularly or in combination. 

However, in the original specification, the term "power storage amount" and the 
term "the remaining capacity amount" were confusing used relative to each other so as to cause 
confusion and a possible misunderstanding of the present invention. 

Therefore, the applicant has amended the specification and claims changing 
"charge amount: to -power storage amount--, so as to clarify the present invention. Accordingly, 
the term "charge amount" is no longer used in the present specification and claims. 

Support for the power storage amount is found in the original specification at page 
22, third and fourth lines from the end, which refer to "a power storage amount detecting means 
for detecting the power storage amount to the accumulation means." 

Support for the amendments to Figure 4 are found in the original written 
description of Figure 4, particularly at the top of page 18. 

The improper multiple dependencies have been obviated by amendments to 
claims 42 and 45 to eliminate an improper dependency upon claim 33. 
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Reconsideration is respectfully requested of the rejections of the claims herein 
over the prior art, particularly in view of the clarifying amendments to claims 29, 31, 32, 37, 39, 
40, 47 and 49, the cancellation of claims 27, 28 and 30, and the following comments on the 
distinctions of the present invention and claims over the prior art. 

Reconsideration is respectfully requested of the rejection of claims 29 and 47 
under 35 USC 102(e) as being anticipated by USP'304, as the applicant feels that USP'304 fails 
to show or suggest the technical concept that an amount of power storage (as explained and 
defined above and in the claim) is used for controlling an operation of an electronic watch. 

Reconsideration is respectfully requested of the rejection of claim 32 under 35 
USC 102(e) as being anticipated by USP'304, as the applicant feels that USP'304 fails to show 
or suggest the technical concept that an amount of power generation of a power generation means 
and an amount of power storage in a power storage means are used for controlling an operation 
of an electronic watch. 

Reconsideration is respectfully requested of the rejection of claims 33 to 35 under 
35 USC 102(e) as being anticipated by USP'304, as the appUcant feels that USP'304 does not 
disclose the technical feature of these claims that depending upon a detected condition of any one 
of (1) an amount of a power generation of a power generation means, (2) an amount of power 
storage stored in a power storage means and (3) an amount of remaining capacity of the power 
storage means, the most pertinent time keeping operation which has a power consumption 
suitable for the detected level of the condition, is selected from a plurality of the time keeping 
operations. 

Reconsideration is respectfully requested of the rejection of claims 32, 46 and 48 
under 35 USC 102(e) as being anticipated by USP'304, as the applicant feels that USP'304 does 
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not disclose the technical feature of these claims that depending upon a detected condition of (1) 
an amount of a power generation of a power generation means, (2) an amount of remaining 
capacity of the power storage means or (3) an amount of power generation of a power generation 
means and an amount of power storage in a owner storage means, the most pertinent time 
keeping operation which has a power consumption suitable for the detected level of the 
condition, is selected from a plurality of the time keeping operations. 

Reconsideration is respectfully requested of the rejection of claim 36 under 35 
use 103(a) as being obvious to a person skilled in this art from USP'953, as the applicant feels 
that USP'953 does not disclose the technical feature of this claim that depending upon a detected 
amount of a power generation of a power generation means and an energy balance of the detected 
amount of the power generation and a predetermined amount of power consumption of the 
rechargeable electronic watch, the most suitable clock operation mode is selected among a 
plurality of clock operation modes each having respective power consumption of the 
rechargeable electronic watch which are different from each other. 

Reconsideration is respectftiUy requested of the rejection of claim 37 under 35 
use 102(a) as being anticipated by USP'953, as the applicant feels that USP'953 does not 
disclose the technical feature of this claim that depending upon a detected amount of a power 
storage amount of a power storage means and an energy balance of the detected amount of the 
power storage amount and a predetermined amount of power consumption of the rechargeable 
electronic watch, the most suitable clock operation mode having a pertinent power consumption, 
is selected from among a plurality of clock operation modes each having respective power 
consumption of the rechargeable electronic watch which is different from each other. 

This application is now believed to be in condition for allowance, and a Notice of 
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Allowance is respectfully requested. If the Examiner believes a telephone conference might 
expedite prosecution of this case, it is respectfully requested that he call applicant's attorney at 
(516) 742-4343. 



SCULLY, SCOTT, MURPHY & PRESSER 
400 Garden City Plaza 
Garden City, New York 11530 
(516) 742-4343 

WCR/jf 




Respectfully submitted, 



William C. Roch 
Registration No. 24,972 
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RECHARGEABLE ELECTRONIC WATCH AND DRIVING METHOD 
OF RECHARGEABLE ELECTRONIC WATCH 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention is related to a rechargeable electronic watch and a driving 

-H 

method of the rechargeable electronic watch, and more particularly, a ©chargeable 



electronic watch of which the clock operation duration can be prolonged a^ af^vi^ 



CD 



O 



CO 



method of the same. 

2. Description ofthe Related Art S S O 

Conventionally, some electronic watches are provided with an additgnal power 
saving mode function for reducing the power consumption of the electronic watch 
provided that it would not hinder particularly the use of the electronic watch, for the 
purpose of using as long as possible the power supply means composed of battery or a 
storage battery or the like used at the same time as a power generation means. 

For instance, as disclosed in the Japanese Unexamined Patent Publication (KOKAI) 
No.5-60075, an electronic watch using a solar cell as a_main battery composed to power 
source enters the power save mode when there is no sunlight incident toon the solar cell 
of the electronic watch continuously for a predetermined fixed time continuously , and te 
releoseexits the power saving mode when there wiil-be-is_sunlight incident te-on the solar 
cell again is known . 

By th e way Also , the power saving mode function in such a conventional electronic 
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watch is compos e d designed to enter the power saving mode for stopping all hour 
display and stop drivin g of the display means including hour information display in a 
state disadvantageous for the power source, for instance, when a solar cell is used as a 
power source, because it is primordial essential to use the power source as long as 
possible. 

However, in recent years, an analog electronic watch whose fae -hour and minute 
hands and_second hand are driven by separate motors for heu^ time display, or a 
combination electronic watch wherein the seconds is- are displayed by a_liquid crystal 
display are also made for practical use,_and if all hour display is stopped under a certain 
condition, the user could not obtain any information at all. 

On the other hand, electronic watches provided with a built-in display mechanism 
of several kinds of functions including a_chronometer display function, alarm display 
function, atmospheric pressure display function, water depth display function or the like 
are also made for practical use, and are compo se d designed to display on a 
predetermined display means the kind or kinds of function information at the same time 
as the hour information, or changing over with the hour information. 

In such reseft^ recent electronic watches implementing function information other 
than hour information, if a conventional type power saving mode function is used, not 
only the hour information but also function information are not displayed at the same 
time on the display means, when a state disadvantageous for the power source as 
mentioned above happens, blocking the use of the function information display means, 
particularly in an environment requiring function information, causing to reduce the 
product value as a_multi-functional electronic watch. 
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On the other hand, the-Japanese Unexamined Patent PubHcation (KOKAI) No. 9- 
304555 discloses a rechargeable electronic watch wherein a counter is installed for 
measuring the tep -elapsed time after the motor stops, to facilitate te-a^retum to an 
accurate actual hour even when the hand motion is stopped for power saving, and for 
measuring rapid advance time also, to return time -hour and minute hands to the accurate 
actual time from both measured times. 

However, in the Publication, the motion of the time -hour and minute hands stops 
only whenjhe output from the power generation means or power storage means of the 
rechargeable electronic watch becomes equal or inferior to below a predetermined level, 
namely, only under a certain fixed condition; therefore, in a rechargeable electronic 
watch provided with a plurality of additional functions, the additional functions become 
completely unavailable, event when the voltage state allows te-the used of the additional 
functions, causing the user inconvenience. 

SUMMARY OF THE INVENTION 

Therefore, the-an object of the present invention is to improve the aforementioned 
defects of the prior art and to provide an electronic watch in that in displaying clock 
information and function information on separated display means, respectively, for 
example, by hands and by a liquid crystal display, the electronic watch can be selectively 
controlled under the most optimal clock operation mode selected from a plurality of 
clock operation modes by selecting an arbitrary circuit or by using a display means 
whereby the display means can be stopped^ in response to an amount of power 
generation in a power generator or an amount of power storage flowing into e hm^ 
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stor e d in a power storing means^ as-in a power saving mode. 

A Furth e r further object of the present invention is to provide a rechargeable 
electronic watch among multi-functional rechargeable electronic watches providing a 
number of additional function information, which eaftftet- does not loese complete usage 
f ee ling of the rechargeable electronic watch by forming the electronic watch so that one 
of the functions of the rechargeable electronic watch can be selected arbitrarily in 
response to either an amount of power generation in a power generator or an amount of 
power storage flowing into charge stor e d in a power storing means so as to optimize a 
balance of the power, which is the same as that in an electronic watch only displaying 
time information, whereby it is intended to extend a clock operation duration of the 
rechargeable electronic watch as well as to keep limitations for using a certain function a 
user of the watch wishes to use at the most n e c e ssary lowest level. 

In order to attain the above-mentioned objects of the present invention, the present 
invention basically has the technical construction as mentioned hereunder. 

Note that, a first aspect of the present invention is a rechargeable electronic watch 
operating with an energy source comprising a power supply including a power 
generation means and a power storage means charged with electric energy generated 
from the power generation means, the rechargeable electronic watch comprising a watch 
circuit for counting or processing time information or function information or the like so 
as to outputtifig the information, a display means for displaying the time information or 
the function information or the like based_on an output signal from the watch circuit, a 
power generation amount detecting means for detecting an- the amount of the-power 
generation of the power generation means, and a control means for controlling the 
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operation of the watch circuit in response to the amount of the power generation , 
wherein the watch circuit is driven in at least one clock operation mode selected, based 
on the control of the control means, from a plurality of clock operation modes provided 
in the rechargeable electronic watch, with each of the modes being different from each 
other in power consumption. 

A second aspect of the present invention is a rechargeable electronic watch 
operating with an energy source comprising a power supply including a power 
generation means and a power storage means charged with electric energy generated 
from the power generation means, the rechargeable electronic watch comprising a watch 
circuit for counting or processing time information or function information or the like so 
as to outputtiftg the information, a display means for displaying the time information or 
the function information or the like based on an output signal from the watch circuit, a 
power storage e h^^ge amount detecting means for detecting ^^ -the amount of power 
storage flowing into charg e stor e d in the power storage means, and a control means for 
controlling the operation of the watch circuit in response to the amount of the power 
storage etege, wherein the watch circuit is driven in at least one clock operation mode 
selected, based on the control of the control means, from a plurality of clock operation 
modes provided in the rechargeable electronic watch, with each of the modes being 
different from each other in power consumption. 

A third aspect of the present invention is a rechargeable electronic watch operating 
with an energy source comprising a power supply including a power generation means 
and a power storage means charged with electric energy generated from the power 
generation means, there chargeable electronic watch comprising a watch circuit for 
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counting or processing time information or function information or the like so as to 
outputtiftg the information, a display means for displaying the time information or the 
function information or the like based on an output signal from the watch circuit, a 
power generation amount detecting means for detecting afi -the amount of the-power 
generation of the power generation means, a power storage eharge-amount detecting 
means for detecting aa-the amount of power storaee flowing into chargo stored in the 
power storage means, a remaining capacity detecting means for detecting the remaining 
capacity of the power storage means and a control means for controlling the operation of 
the watch circuit in response to the optional two optional detected values selected among 
three detected values^ such as the power generation amount, the power storage eharge 
amount and the remaining capacity, wherein the watch circuit is driven in at least one 
clock operation mode selected, based on the control of the control means, from a 
plurality of clock operation modes provided in the rechargeable electronic watch, with 
each of the modes being different from each other in power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the composition of one concr e t e 
e xampl e exemplary embodiment of the rechargeable electronic watch of the present 




Fig. 2 is a block diagram showing the composition of a first exemplary embodiment 
concr e t e e xampl e of there chargeable electronic watch of the present invention; 

Fig. 3 is a block diagram showing the composition of a second exemplary 




invention; 



6 




embodiment concr e t e e xampl e of the rechargeable electronic watch of the present 
invention; 

Fig. 4 is a block diagram showing the composition of a fourth exemplary 
embodiment concr e t e e xampl e of the rechargeable electronic watch of the present 
invention; and 

Fig. 5 is a block diagram showing the composition of a fifth exemplary 
embodiment concroto example of there chargeable electronic watch of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, specific examples of rechargeable electronic watches and driving methods of 
rechargeable electronic watches of the present invention will be described in detail 
referring to drawings. 

Namely, Fig. 1 is a block diagram illustrating the composition of one exemplary 
embodiment concr e t e e xampl e of a rechargeable electronic watch 10 according to the 
present invention, and in the drawing, a rechargeable electronic watch 10 operating with 
an energy source comprising a power supply 26 including a power generation means 1 
and a power storage means 2 charged with electric energy from the power generation 
means 1, the rechargeable electronic watch 10 comprising a watch circuit 5for counting 
or processing time information or function information or the like and outputting 
information, a display means 1 1 for displaying time information or function information 
or the like based on output signal from the watch circuit, an amount of power generation 
detecting means 3 for detecting the power generation amount of the power generation 
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means 1, and a control means 4 for controlling the operation of the watch circuit 5 in 
response to the power generation amount, wherein said watch circuit 5 is driven in at 
least one clock operation mode selected, based on the control of said control means, 
from a plurality of clock operation modes provided in said rechargeable electronic watch, 
with each of the modes being different from each other in power consumption. 

In other words, Fig. 1 is a block diagram showing tho outline composition of 
essential parts of the -one rechargeable electronic watch 10 according to the present 
invention, and the power generation means 1 composing the power supply 26is not 
particularly limited in its composition, but it may be a solar cell, self-winding type 
power generator for generating power in response to the motion, including arm motion, 
thermal power generator for generating power using differential temperature, or those 
using spring drive power generation or the like. 

In addition, the power storage means 2_in the present invention is not particularly 
limited in its composition; however, for instance, a rechargeable secondary battery can 
be employed. 

On the other hand, besides the means 30 for detecting the amount of the-power 
generation of the power generation means, the power generation amount detecting 
means 3 may bo composed to include a power storage amount detecting means_3 1 for 
detecting the power storage amount (power flowing into) te-e^the accumulation power 
storage means 2. 

The power generation amount detecting means 3 of the present invention can be 
r e aliz e d by composing to detect, for instance, voltage or current output from the power 
generation means 1 or the power storage means 2, ov e n in cas e of in addition to 
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detecting an amount of the power generation, or in cas e of detecting an amount of the 
power storage. 

Next, the control means used in the present invention has a function to select a 
clock operation mode which beiftg-is_the most appropriate for the concerned object, with 
takiftg^ while considering the conditions of the p ower generation amount of the power 
generation means 1 detected by the aforem e ntion e d power generation amount detecting 
means 3 or the amount of th e remaining capacity stored in the power storage means 2. 
into th e account, a p Processing is performed by determining whether or not the degree of 
the power generation amount of the power generation means 1 or the remaining capacity 
stored in the power storage means 2 at the current period, is_at a sufficient level for 
operating all of the plurality of the eleek- watch operation modes provided on the 
electronic watch circuit 5^ or by determining which clock operation mode would be 
prefe rably to be selected or which clock operation mode would be prefe rably- te be 
stopped while taking the power consumption of each one of the clock operation modes 
into the-account so as to keep the remaining capacity of the power storage means for a-as 
long a_time as possible4t^an. 

The control means 4 has a data master or lookup table 70 for memorizing 
individually the power consumption amount in each of the aforementioned several kinds 
of clock operation modes, and selects and controls the optimal state from several kinds 
of clock operation modes based on the information from the lookup table 70 and the 
power generation amount detecting means 3. 

On the other hand, the watch circuit 5 u s ed in th e pr e s e nt inv e ntion is compos e d to 
operat e suppli e d with powd e r from the power supply 26, and includes a time circuit 6 for 
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outputting hour information and a clock operation mode setting means 40 for executing 
the various clock operation modes. 

The clock operation mode setting means 40 of the present invention includes 
preferably includes at least one of driving operation modes such as, for example, a 
second hand driving operation mode for driving the second hand, nam e ly with a second 
hand driving operation mode setting means 7, a_minute and hour hands driving operation 
mode for driving the minute and hour hands, nam e ly with a minute and hour hands 
driving operation mode setting means 8, a_liquid crystal display means driving operation 
mode setting means 9, and further, an alarm function driving operation mode setting 
means 12, a^chronometric function driving operation mode setting means 13, a_water 
depth measuring function driving operation mode setting means 14, a_temperature 
measuring function driving operation mode setting means 15, an_altitude measuring 
function driving operation mode setting means 16, an atmospheric pressure measuring 
function driving operation mode setting means 17, a_radio reception function driving 
operation mode setting means 18, and a calendar display function driving operation 
mode setting means 19 or the like . 

For the aforementioned respective clock operation modes, the power consumption 
required for executing ks- each driving operation mode r e spectively e ach other, is 
sometimes identical, but is generally different in g e n e ral ; therefore, electric energy 
consumption in the power supply 26 b e com e s is difFerentr-b ydepending upon which and 
how many of the^several kinds of clock operation modes , nam e ly clock operation mod e s 
are te-be-selected. 

Consequently, when the power generation amount, or the_remaining capacity in the 
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power supply 26 is sufficient, all of the respective clock operations modes installed of 
the rechargeable electronic watch 10 m e ntioned above may weH-be driven; however, 
when the power generation amount, or the remaining capacity in the power supply 26 is 
low, it is compos e d to execut e the s e l e ction operation is selected to drive only the 
minimum required clock operation modes based on the power generation amount or the 
remaining capacity of the power generation means at thate actual point of time so as not 
to dotcriorat e detract from the usefulness fooling of use of the us e r of the rechargeable 
electronic watch 10 provided with additional functions, by maintaining the remaining 
capacity in the power supply 26. 

As the power consumption during tho driving in the aforomontion e d in each 
respective driving operation mode can be predetermined, it is preferable to compos e d to 
store that information in a convenient data base, or in memory memoriz e in a 
predetermined format lookup table, and allow the control means 4 to refer to the data 
base or lookup table. 

The display means 1 1 of the present invention may be compo se d of any of a_digital 
display mechanism or an analog display mechanism , and for instance, if the display 
means 1 1 is selected as an adopts th e analog display system, a second hand display 20 as 
second display apparatus and an hour and a minute hand display 21 as hour and minut e 
display apparatus are provided, and at the same time, the second hand driving operation 
mode setting means 7 and the hour and minute hand driving operation mode setting 
means 8 are connected to a second hand motor driving circuit 50 and a hour and minute 
motor driving circuit 51 respectively. 

Besides, in the display means 1 1 of the present invention, if both the second display 
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apparatus 20 and the hour and minute displa y apparatus 21 adept select a digital display 
data composed of a digital circuit, the-both apparatus e s r e sult in usiftge a crystal liquid 
display means, and in this case, the second hand motor driving circuit 50 and the hour 
and minute motor driving circuit 5 1 b e como are unnecessary. 

In addition, ifa calendar function is to be used, or the-other measurement results are 
to be displayed, they can be displayed by the crystal liquid crystal display m e ans 22, and 
in this case, the liquid crystal display moans 22 is preferably driven through by_a 
convenient liquid crystal liquid driving control circuit 52. 

Similarly, in the present invention, if an_alarm function or chronometric function 
are adopted, a digital display apparatu s is preferably used as the display means 
corresponding to the respective function, and an analog display apparatus may also be 
used. 

As for the display means when the alarm function is to be executed, sound, or light, 
vibration or other reporting means can be adopted, and sound report means 23, optical 
report means 24 or vibration report means 25 or the like forth is effect can be installed in 
the display means 1 1 . 

te-4The rechargeable electronic watch 10 of the present inventionr^t may also be 
composed to receive radio electric waves containing hour information, and in this case, it 
is-operates to make the time circuit agree with the hour information of the received 
electric waves, by driving a reception circuit provided in the rechargeable electronic 
watch 10, at a predetermined timing, and it goes without saying that the power 
consumption at that time is also controlled by the present invention. 

In such case, it is not necessary u s eless to provide especially the display means 1 1 
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with a specific display circuit; however, the reception state of the radio signal containing 
hour information may be displayed by an optical display means 24 or the like. 

Now the operation algorithm of the control means 4 used in the present invention 
will be described. 

Note that, the control object of the control means 4 in the present invention is to 
select a clock operation mode for achieving the required power saving operation mode, 
bywith-determining an amount of the power generation of the power generating means 1 
or the remaining capacity of the power storage means 2, both of which 
consi s tin g constitute the power supply 26 of there chargeable electronic watch 10 and by 
processing to realize how the power supply 26 can be kepf4f miaintained effective for a 
long time^ or to realize a power saving mode by considering which kind of clock 
operation mode^ among a plurality of clock operation modes^ provided in the 
rechargeable electronic watch 10, should be selected so as to reduce the power 
consumption of the rechargeable electronic watch 10, in order to display the necessary 
function information even when the amount of the power generation or the amount of 
the remaining capacity of the power supply 26 has been reduced. 

For instance, the control means 4 detects automatically the condition in which the 
remaining capacity of the power storage means 2 has become equal to or lower than the 
a_predetermined threshold value, or the amount of the-power generation of the the-power 
generation means 1 in the power supply 26 has become equal to or lower than the-a 
predetermined threshold value, or an-the amount of the-sunlight incident te-on the solar 
power generator is equal to or lower than the— a predetermined threshold value 
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continuously for a predetermined period of time, when the power generation means 1 is 
a solar power generator, and performs th«-operation processing to select a clock 
operation mode allowing to obtain the most appropriate power saving state in terms of 
power consumption, among the several kinds of clock operations states of the 
rechargeable electronic watch 10. 

Consequently, if the power generation amount of the power generation means 1 in 
the power supply 26 is sufficient, or the remaining capacity of the power storage means 
2 in the power supply 26 is sufficient, all clock operation modes loaded 
pr e viou s ! v provided on the rechargeable electronic watch 10 can be driven, and such a 
statewhich is one of the clock operation modes of the present invention. 

Besid e s, i lf the power generation amount of the power generation means lor the 
remaining capacity of the power storage means 2 in the power supply 26 has become 
slightly lower than that the a predetermined threshold, it is possible to cx o cuto such a 
control to set several kinds of clock operation modes unde^in which a driving operation 
is stopped of at least one clock operation mode having a low power consumption, 
selected from all of the clock operation modes loaded pr e viousl v provided on the 
rechargeable electronic watch 10. is stopped or on th e contrary, i jt is also possible to 
control so as to stop driving operation of at least one clock operation mode having large 
power consumption, among all of the clock operation modes load e d previouslv provided 
on the rechargeable electronic watch 10. 

Similarly, if the power generation amount of the power generation means 1 or the 
remaining capacity of the power storage means 2 in the power supply 26has become 
considerably lower that th^a_predetermined threshold, for exampl e , it is possible to 
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e x e cut e s uch a control to set several kinds of clock operation modes, to stop a plurality 
of driving operations among a plurality of driving operations different in their power 
consumption, among all clock operation modes load e d previousl v provided on the 
rechargeable electronic watch 10. 

Further, in the present invention, it is also possible to e xecut e such a control to set a 
clock operation mode allowing a condition und e r in which the power supply 26 can be 
used as long as possible, or allowing a condition und e r in which a predetermined 
necessary function can be driven regardless of the current situation of the power 
generation amount of the power generating means 1 or of the remaining capacity of the 
power storage means 2, by detecting how extent the amount of the power generation of 
the power generating means 1 or the amount of remaining capacity of the power storage 
means 2, both of which consistin g constituting the power supply 26, has been reduced 
from the-a_predetermined threshold and- while taking into account the present s ituation of 
the-amount of the power generation of the power generating means 1 or the amount of 
remaining capacity of the power storage means 2 , into account . 

The control method in-of the present invention mentioned above may be th e on e 
compo se d to process the operation automatically, according to a predetermined program, 
or particularly, as for the operation concerning the additional function, it is possible to 
modify the clock operation mode^ so that the power saving operation mode be-is_set; by 
athe manual operation of the user. 

In the present invention, even if any driving means of the display means 11 and the 
watch circuit 5 of th e r e chargeable e l e ctronic watch 1 0 is in the power saving operation 
mode, the predetermined display information is certainly erased from the display means; 
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however, it is composed to allows the hour information in the rechargeable electronic 
watch 10 to display the actual hour immediatelvr^whefi after the power saving operation 
mode is cancelled, as the time circuit 6 runs always normall v operates constantly , and its 
state is always m e moriz e d stored in a pr e d e t e rm ffled-memory. 

For example, at th e s ame tim e as composing to by counting the time during which 
the hour display is susp e nsion suspended by providing a convenient counter, the Fesume 
resumption of the hour display can be realized by providing a fast-forward means, to fast 
forward the hour and minute hands to the actual hour. 

The first exemplary embodiment concr e t e e xampl e of the present invention, in the 
block diagram of Fig. 2,is compos e d designed to control the control means 4 according 
to the power generation amount of the power generation means 1 sensed by the power 
generation amount detecting means 30^ for dotocting th e power generation amount of 
the pow e r g e n e ration m e ans 1, and now Now , an exemplary embodiment concr e t e 
e xampl e of the driving method of the rechargeable electronic watch 10 of the present 
invention will be described referring to Table 1 . 

In oth e r words, in this exemplary embodiment concrct c exampl e, the display means 
11 of the rechargeable electronic watch 10 is suppos e s to comprises a second display 
apparatus 20, an hour and minute display apparatus 21 and a calendar display apparatus 
22, and a second hand motor driving control circuit 50, an hour and minute motor 
driving control circuit 51^ and a calendar display apparatus driving control circuit 52 or 
the like are disposed between the watch circuit 5 and the display means 1 1 . 

Also, it is supposed that, in the display means 11, the power consumption of the 
calendar display apparatus 22 is the largest, th e n the power consumption of the second 
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display apparatuij 20 is second largest, and the power consumption of the hour and 
minute display apparatu s 21 is lowest among the aforementioned three kinds of displays 
apparatus e s . 

In such a situation, the display means 1 1 is controlled to one of several levels of 
clock operation modes according to the cas e wh e re whcther the power generation amount 
of the power generation means 1 sensed by the power generation amount detecting 
means 3 is equal or lower than the-a_predetermined threshold value, and-or the power 
generation amount is equal or sup e rior to above the threshold, and further the degree of 
the power generation amount. 

In this exemplary embodiment concroto example, for e xample , as it is obvious is 
apparent from Table 1, the second hand motor driving control circuit 50, th«e_hour and 
minute motor driving control circuit 51;, and the calendar display apparatu s driving 
control circuit 52 are activated respectively by a control signal Ea for controlling the 
liquid crystal display driviftger apparatu s driving the calendar display means, a control 
signal Eb for controlling the driving of the second displa y apparatus , and a control signal 
Ec for controlling the driving of the hour and minute second display apparatus output 
according to the sensed power generation amount from the power generation amount 
detecting means 3. 

In the Table 1 , the control signal H indicates the-an active state. 

In other words, if the power generation amount of the power generation means 1 is 
equal to_or lower than tiie-a^predetermined threshold value, all control signals Ea, Eb, Ec 
are set to "L" level to stop the display operation of the aforementioned three kinds of 
displays apparatus e s . 
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Even in such state, the time circuit 6 of the watch circuit 5 is driven normally. 

Next, even when the power generation amount of the power generation means 1 is 
equal to or superior to above the predetermined threshold value, if its power generation 
amount is low, only the hour and minute display apparatus 21 of which power 
consumption is the lowest is driven, among the aforementioned three kinds of displays 
apparatus e s , while the driving of the other displays apparatus e s 20, 22 is set to stop. 

On the other hand, when the power generation amount of the power generation 
means 1 is equal to^or superior to above the predetermined threshold value and its power 
generation amount is relatively high, the hour and minute display apparatus 21 of which 
power consumption is the lowest and the second display apparatus 20 requiring the next 
lowest power consumption are driven, among the aforementioned three kinds of displays 
apparatuses , while the driving of the calendar display apparatus e s 22 is set to stop. 

Further, when the power generation amount of the power generation means 1 is 
equal to or superior to above the predetermined threshold value and its power generation 
amount is considerably high, it is controlled to drive all of the aforementioned three 
kinds of displays apparatus e s . 

This exemplary embodiment concr e t e e xampl e adopts an algorithm to drive the 
displays apparatus es beginning from the one lowest in power consumption, in response 
to the increasing degree of the power generation amount of the power generation means 
1 ; however, this order can be modified, and in addition, as mentioned below, it is also 
possible to compos e to stop intentionally a predetermined display apparatus and to drive 
a predetermined display apparatus by the user setting. 

Now, a second exemplary embodiment concroto oxamplo of a rechargeable 
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electronic watch and driving method of reohargoablo el e ctronic watch of the present 
invention will be described in detail referring to Fig. 3 and Table 2. 

In other words, in this exemplary embodiment concr e t e e xampl e, compared to the 
aforementioned first example, the detecting means is provided with a power generation 
amount detecting means 3 for detecting the power generation amount of the power 
generation means 1 and a power storage amount detecting means 3 1 for detecting the 
power storage amount flowing into to of the accumulation strorage means 2 or a 
remaining capacity detecting means 32, and it is compos e d to determines the clock 
operation mode , nam e ly clock op e ration mod e , based on both detecting information. 

Nam e ly, Tliis exemplary embodiment concr e t e e xampl e is compos e d to selects enan 
operation mode mode modifying the combination of displays apparatu s to be operated 
respectively, according to the magnitude of the power generation amount and the 
magnitude of the remaining capacity. 

^^here ^This T exemplary embodiment the composition of the rechargeable electronic 
watch 10 in this concr e t e e xampl e is supposed to b eis similar to the exemplary 
embodiment composition shown in Fig. 2 except that the power storage amount 
detecting means 3 1 or the remaining capacity detecting means 32 are added, the second 
hand motor driving control circuit 50, the hour and minute motor driving control circuit 
51 and the calendar display apparatus driving control circuit 52 are activated 
respectively by a control signal Ea (liquid crystal display), a control signal Eb (second 
display), and a control signal Ec (hour and minute second display) from a power 
generation amount detecting means 30; however, at th e sam e tim e , it is controlled to 
select one of the clock operation modes^-settmg selectively setting the second hand 

19 




motor driving control circuit 50, the hour and minute motor driving control circuit 5U 
and the calendar display apparatus driving control circuit 52 to an activated state or a 
non^activated state respectively, as shown in Table 2, by limiting the control signal from 
the power generation amount detecting means 30 by moans of a control signal Ma 
controlling the liquid crystal display driving driver apparatu s driving the calendar 
display means, a control signal Mb for controlling the driving of the second display 
apparatus , and a control signal Mc for controlling the driving of the hour and minute 
second displa y apparatus , by the output from a remaining capacity detecting means 32. 

In oth e r word, in this exemplary embodiment concr e t e e xampl e, a rechargeable 
electronic watch 10 operating with an energy sourc e comprising a power supply 26 
including a power generation means 1 and a power storage means 2 charged with electric 
energy from the power generation means 1, the rechargeable electronic watch 10 
comprising comprises a watch circuit 5 for counting or operating hour information or 
function information or the like and outputting information, a display means 11 for 
displaying hour information or function information or the like based on an output signal 
from the watch circuit 5, a power generation amount detecting means 30 for detecting 
the power generation amount of the power generation means 1, a remaining capacity 
detecting means 32 for detecting the remaining capacity of the power storage means 2^ 
and a control means 4 for controlling the operation of the watch circuit 5 according to 
the remaining capacity and the power generation amount, wherein the watch circuit is 
driven by at least one clock operation mode selected from a plurality of clock operation 
modes different in power consumption^ provid e d by the watch circuit 5 ba se d on the 
control of th e control moans 5, can b e obtained. 
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In the third exemplary embodiment concroto example of the present invention, it is 
also possible to compos e to control the control means 4, according to the power 
generation amount of the power generation means 1 sensed by the power generation 
amount detecting means 30 and the remaining capacity of the power storage means 2 
sensed by the remaining capacity detecting means 3 1, in the block diagram of Fig. 1 . 

On th e oth e r hand, In the fourth exemplary embodiment concr e t e e xampl e of the 
present invention is, as^ shown in Fig. 4, a rechargeable electronic watch 10 operating 
operates with an en e rgy sourc e comprising a power supply 26 including a power 
generation means 1 and a power storage means 2 charged with electric energy from the 
power generation means 1-. the -The rechargeable electronic watch compri ses compri si n 
a watch circuit 5 for counting or operating hour information or function information or 
the like and outputting information, a display means 1 1 for displaying hour information 
or function information or the like based on an output signal from the watch circuit 5, a 
power storage amount detecting means 3 1 for detecting the power storage amount into ef 
the power storage means 2, a remaining capacity detecting means 32 for detecting the 
remaining capacity of the power storage means 2^ and a control means 4 for controlling 
the operation of the watch circuit 5 according to the remaining capacity and the power 
storage g e n e ration amount, wherein the watch circuit is driven by at least one clock 
operation mode selected from a plurality of clock operation modes different in power 
consumption provided by the watch circuit 5 based on the control of the control means 5. 

On th e oth e r hand, as an exampl e o f An exemplary control algorithm in the control 
means 4 in the present invention , for exampl e , it may compo se d to drive in a clock 
operation mode of low power consumption, among a plurality of clock operation modes 
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different in power consumption, th e low e r is as the power generation amount of the 
power generation means 1 becomes lower , or to control to drive in a clock operation 
mode of low power consumption, among a plurality of clock operation modes different 
in power consumption, the low e r is as the power storage amount of the power storage 
means 2 becomes lower . 

Moreover, in the present invention, it is also possible to control to drive in a clock 
operation mode of low power consumption, among a plurality of clock operation modes 
different in power consumption, th e low e r is as the remaining capacity of the power 
storage means 2 becomes lower . 

Now, a fifth exemplarv embodiment concrcto exampl e of the rechargeable 
electronic watch 10 according to the present invention will be described in detail 
referring to Fig. 5 and Table 3. 

While, ifl-the aforementioned exemplary embodiments rosp e ctiv e e xample s , it is 
compo se d to select one of a plurality of clock operation modes ef-putting some or all of 
the respective displays apparatus e s in the display means 1 1 in a_driving state or putting 
all of the respective display apparatuses in a_non driving state, according to a 
predetermined algorithm, based on output information from respective detecting means 
of power generation amount detecting means 30, power storage amount detecting means 
31 or remaining capacity detecting means 32, or the like; however, in this exemplary 
embodiment concr e t e e xampl e, the rechargeable electronic watch 10 is further provided 
with a_afl-user setting means 80 allowing the user to set the clock operation mode, and 
the control means 4 it is compos e d to drive the watch circuit 5 in a clock operation mode 
desired by the user, based on the output signal fi*om the user setting means 80, namely, a 
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signal showing that the user has set consciously a predetermined power saving function. 

Consequently, the block diagram of this exemplary embodiment concret e e xample 
is substantially similar to Fig. 3, and has a composition in which the remaining capacity 
detecting means 32 of Fig. 3 is s ubstitut e d with replaced by the user setting means 80. 

In such composition, the second hand motor driving control circuit 50, hour and 
minute motor driving control circuit 51 and calendar display apparatus driving control 
circuit 52 are activated respectively by control signals Ea (liquid crystal display) Eb 
(second display) Ec (hour and minute seeefld- time display) from the power generation 
amount detecting means 30;however, the control signal from the power generation 
amount detecting means 30 is limited by means of control signals Sa (liquid crystal 
display) Sb (second display) Sc (hour and minute seeend -time display) for power saving 
function setting selected and controlled by the operation setting of the user through the 
user setting means 80, 

The operation signal by the user setting means 80 is, for example, set to (1) always 
execute all displays; (2) limit only the liquid crystal display according to the power 
generation amount; (3) limit the liquid crystal and second display according to the power 
generation amount; and (4) limit the liquid crystal, second display, and the h our and 
minute display according to the power generation amount. 

Control signals and operation modes according to the power generation amount and 
the user setting are as shown Table 3. 

The present invention intends, basically, to extend the use period of time of the 
rechargeable electronic watch as long as possible without affecting th e f ee ling of use of 
the uso r degrading usage , by controlling so that the energy balance of the power 
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generation amount in the power generation means 1 minus the energy consumption by 
the display means 1 1 we«W-is_not be-negative and, for this effect, it is also necessary to 
control the energy balance. 

In other words, in the present invention, a rechargeable electronic watch operating 
with an energy source comprising a power supply including a power generation means 
and a power storage means charged with electric energy from the power generation 
means, the rechargeable electronic watch comprising a watch circuit for counting or 
operating hour information or function information or the like and outputting 
information, a display means for displaying hour information or function information or 
the like based on output signal from the watch circuit, a power generation amount 
detecting means for detecting the power generation amount of the power generation 
means, and a control means for controlling the operation of the watch circuit according 
to the energy balance of the power generation amount and the clock power consumption 
amount, wherein the watch circuit is driven b^in at least one clock operation mode 
selected from a plurality of clock operation modes different in power consumption 
provided by the watch circuit based on the control of the control means is also on e of 
concr e t e e xampl e s . 

H e r e , — iln the rechargeable electronic watch 10 of the exemplary 
embodiments concr e t e e xample according to th e inv e ntion shown in Fig. 2 to Fig. 5, 
supposing that power generation amount of the power generation means 1, namely, 
current generated by the power generation means 1 is IQ current consumption by 
driving the liquid crystal display means 22 is_Ia, current consumption by driving the 
second display motor of the second display means 20 is_Ib, current consumption by 
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driving the hour and minute display motor of the hour and minute display means 21 is_Ic, 
and current consumption by oscillator, counter circuit or the like other than the 
respective display apparatuses in the watch circuit 5 is Iz, the operation mode control 
based on the energy balance corresponding to the magnitude of the power generation 
amount and the magnitude of the power consumption of the respective apparatus gives a 
relation as shown in Table 4. 

In th e afor e mentioned Table 4, if a system is compos e d to p e rmit designed to select 
the state marked with *1, the balance will not be negative even when the power 
generation is minimum (or null), but the time will be wrong. 

hi the exemplary embodiment concr e t e exampl e according to the inv e ntion , it is also 
possible to compos e design a rechargeable electronic watch operating with an energy 
source comprising a power supply including a power generation means and a power 
storage means charged with electric energy from the power generation means, the 
rechargeable electronic watch comprising a watch circuit for counting or operating hour 
information or function information or the like and outputting information, a display 
means for displajdng hour information or function information or the like based on 
output signal from the watch circuit, a power storage amount detecting means for 
detecting the power storage amount flowing into ef-the power storage means, and a 
control means for controlling the operation of the watch circuit according to the energy 
balance of the power storage amount and the power consumption amount of the 
rechargeable electronic watch, wherein the watch circuit is driven by at least one clock 
operation mode selected from a plurality of clock operation modes different in power 
consumption provided by the watch circuit based on the control of the control means, 
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and moreover, it is also possible to design a rechargeable electronic watch operating with 
an energy source comprising a power supply including a power generation means and a 
power storage means charged with electric energy from the power generation means, the 
rechargeable electronic watch comprising a watch circuit for counting or operating hour 
information or function information or the like and outputting information, a display 
means for displaying hour information or function information or the like based on 
output signal from the watch circuit, a power generation amount detecting means for 
detecting the power generation amount of the power generation means, a remaining 
capacity detecting means for detecting the remaining capacity of the accumulation 
means and a control means for controlling the operation of the watch circuit according to 
the energy balance of the remaining capacity, the power generation amount and the 
power consumption amount of the clock, wherein the watch circuit is driven by at least 
one clock operation mode selected from a plurality of clock operation modes different in 
power consumption provided by the watch circuit based on the control of the control 
means. 

Further, it is possible to compose a rechargeable electronic watch 10 operating with 
an energy source comprising a power supply including a power generation means and a 
power storage means charged with electric energy from the power generation means, the 
rechargeable electronic watch comprising a watch circuit for counting or operating hour 
information or function information or the like and outputting information, a display 
means for displaying hour information or function information or the like based on 
output signal from the watch circuit, a power storage amount detecting means for 
detecting the power storage amount flowing into el^the power storage means, a 
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remaining capacity detecting means for detecting the remaining capacity of the 
accumulation means and a control means for controlling the operation of the watch 
circuit according to the energy balance of the remaining capacity, the power storage 
amount and the power consumption amount of the clock, wherein the watch circuit is 
driven by at least one clock operation mode selected from a plurality of clock operation 
modes different in power consumption provided by the watch circuit based on the 
control of the control means, and it is also possible to compo se to compris euse a power 
storage amount detecting means for detecting the power storage amount flowing to the 
accumulation means, a power storage amount detecting means for detecting the power 
storage amount into ef the power storage means, and a control means for controlling the 
operation of the watch circuit according to the energy balance of the power generation 
amount, the power storage amount and the power consumption amount of the clock, 
wherein the watch circuit is driven by at least one clock operation mode selected from a 
plurality of clock operation modes different in power consumption provided by the 
watch circuit based on the control of the control means. 

As mentioned above, the control means according to the present invention is 
preferably compos e d designed to control to drive in a predetermined clock operation 
mode among a plurality of clock operation modes different in power consumption so that 
the energy balance would i s,not be-negative. 

In other words, the clock operation mode is the one to stop at least a part of the 
display means, and the display means may be a hand, or the display means may be a 
digital display. 

Briefly, the rechargeable electronic watch 10 according to the present invention is a 
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rechargeable electronic watch operating with an energy source comprising a power 
supply including a power generation means and a power storage means charged with 
electric energy from the power generation means, wherein the watch circuit is driven by 
at least one clock operation mode selected from a plurality of clock operation modes 
different in power consumption provided by the watch circuit based on the control of the 
control means. 

In the exemplary embodiment concroto example of the present invention, the 
operation modes in- provided by the user setting means by the user setting, namely the 
power saving means selected by the user setting are shown taking the relations shown in 
Table 3 as an example; however, more concr e t e ly, cas e s altemative embodiments as 
shown below can be suppos e d designed . 

Namely, (1) not to inhibit display in any use state (user preference). 

(2) Compel to display by pressing the-a.button or the like, when the liquid crystal 
display is inhibited, under the-low power generation (for instance, when a rechargeable 
electronic watch driven by a solar cell is put in the dark). 

(3) Set not to inhibit the alarm operation under any power generation amount. 

(4) Inhibit to start the chronometric operation under the-low power generation under, 
but not to inhibit the chronometric operation, once the same has started. 

Concerning the setting of the user setting means in this exemplary 
embodiment concret e e xampl e, for instance, 

1 ) regular setting (once set, valid until the-cancellation) 

2) temporary setting (valid only while the button is pressed) 
states can be supposed designed . 
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B e sid e s Also , in the power generation amount detecting means 30 according to the 
present invention, for instance, the following cases can be suppos e d envisioned 
concerning the detecting timing of the power generation amount detecting means 30, 
power generation amount level judgment, respective mode transition control according 
to the power generation amount, 

1) confirm the clock operation mode based on the actual power generation amount, 
if a state of a_certain level of power generation has continued for a fixed period of time 
or more. 

Such operation can limit the instant response to the power generation amount 
detecting, namely, inhibit an immediate transition to the power saving mode upon a 
momentary variation of power generation amount (for instance, when sunlight incident 
to a solar cell is shielded instantaneously by tbe-a_sleeve). 

2) The power generation amount level is judged by the-an integral value fe ^ver a 
fixed time. 

Such operation can limit the instant aneous response to the power generation amount 
detecting for the same reason as 1), and increase the operation accuracy, in the balance 
judgment. 

3) Sense the power generation amount intermittently. 

Such operation reduces the current consumption of the power generation detecting itself 

4) Confirm the actual power generation amount, if a state in which the power 
generation amount sensed in the-3) is of certain level continuously equal or superior to a 
fixed number of times. 

Such operafion can limit the instant aneous response to the power generation amount 
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detecting, and consequently, inhibit an immediate transition to the power saving mode 
upon a momentary variation of power generation amount (for instance, when sunhght 
incident to a solar cell is shielded instantaneously by the-a_sleeve). 

5) The transition between modes according to the power generation amount can be 
differentiated for the reducing power generation amount and for the increasing power 
generation amount. Namely, continuous detecting time or number of times required for 
level transition can be differentiated by the mode transition direction. 

The feeling of use-e lusage by the user can be improved, by making iLdifficult to 
transit to the mode in the direction to limit the function, and easier to transit to the mode 
in the direction to cancel the function limitation , through such op e ration . In other words, 
it becomes possible to not te-limit the function car e l e s s l y needlessly , and to cancel the 
function limitation promptly. 

Another embodiment of the present invention is a driving method of a rechargeable 
electronic watch operating with an energy source comprising a power supply including a 
power generation means and a power storage means charged with electric energy from 
the power generation means, wherein the watch circuit is driven b^in at least one clock 
operation mode selected from a plurality of clock operation modes different in power 
consumption provided by the watch circuit, according to the power storage amount of 
the power storage means. 

Another exemplary embodiment concrcto example of the present invention is a 
driving method of a rechargeable electronic watch operating with an energy source 
comprising a power supply including a power generation means and a power storage 
means charged with electric energy from the power generation means, wherein the watch 
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circuit is driven by at least one clock operation mode selected from a plurality of clock 
operation modes different in power consumption provided by the watch circuit, 
according to the remaining capacity detecting means for detecting the remaining 
capacity of the power storage means, th e r e maining capacity and the power generation 
amount of the power generation means. 

Still another exemplary embodiment concroto exampl e of the present invention is a 
driving method of a rechargeable electronic watch operating with an energy source 
comprising a power supply including a power generation means and a power storage 
means charged with electric energy from the power generation means, wherein the watch 
circuit is driven by at least one clock operation mode selected from a plurality of clock 
operation modes different in power consumption provided by the watch circuit, 
according to the remaining capacity detecting means for detecting the remaining 
capacity of the power storage means, th e r e maining capacity and the power storage 
amount into ef the power storage means. 

The rechargeable electronic watch and the driving method of the rechargeable 
electronic watch according to the present invention, adopting the technical composition 
a pproach mentioned above, is compos e d designed to optimize the electric power balance, 
by composing to adopt to selecting conveniently a clock operation mode according to the 
power generation amount of the power generation means and the power storage amount 
into ef the power storage means, in an ordinary rechargeable electronic watch displaying 
hour information or a multi-function type rechargeable electronic watch teaded- equipp ed 
with multiple functions providing many kinds of additional function information and, as 
the— a result, it becomes possible to extend the clock operation duration of the 
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rechargeable electronic watch, and to provide a rechargeable electronic watch that would 
not adversely affect the feeling of «se-usage_of the rechargeable electronic watch, by 
limiting the limitation of functions ttser-by the user to a_^strict minimum. 
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ABSTRACT OF THE DISCLOSURE 
To extend the clock operation duration of a multi-functional rechargeable electronic 
watch, and to provide a rechargeable electronic watch that would not affect the feeling of 
use of said rechargeable electronic watch. A rechargeable electronic watch (10) operating 
with an energy source comprising a power supply (26) including a power generation 
means (1) and a power storage means (2) charged with electric energy from said power 
generation means (1), said rechargeable electronic watch comprising a watch circuit (5) 
for counting or operating hour information or function information or the like and 
outputting information, a display means (1 1) for displaying hour information or function 
information or the like based on output signal from said watch circuit, a power 
generation magnitude volum e detecting means (3) for detecting the power generation 
volume of said power generation means (1), and a control means (5) for controlling the 
operation of said watch circuit (5) according to said power generation magnitude vetom^, 
wherein said watch circuit (5) is driven by at least one clock operation mode selected 
from a plurality of clock operation modes different in power consumption provided by 
said watch circuit (5). 
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